ber and overall yield in Kentucky bluegrass (Thompson and Clark, 1989). Using field-scale equipment, Chastain
was reduced Ͼ30% when stubble was removed below 2.5 cm. Fertile tiller production, a major component of creeping red fescue yield
MATERIALS AND METHODS

potential, increased by Ͼ25% when stubble was removed by burning
This study was conducted in the Willamette Valley of west- master and Seabreeze creeping red fescue planted at the Hyslop Research Farm near Corvallis, OR on a Woodburn silt loam soil (fine-silty, mixed, mesic Aquultic, Argixerolls). Hec-O pen-field burning has been used as a successful tor and Shademaster are classified as Festuca rubra var. rubra management tool to remove residue from seed (2n ϭ 56 chromosomes) and are spread from strong underproduction fields and maintain seed yield and quality ground stems (Alderson and Sharp, 1995) . Seabreeze is classiin creeping red fescue. Legislated reduction in field fied as F. rubra var. litoralis Vasey (2n ϭ 42 chromosomes), a slender creeping red fescue (Rose-Fricker et al., 1999) . Slender burning in Oregon's Willamette Valley has prompted creeping red fescue typically forms reduced rhizomes (Sum- several investigations on the production of grass seed mers, 1998). crops without burning crop residues. Young et al. (1998) Experimental units were managed as part of the entire demonstrated that seed yield in creeping red fescue production field at the Taylor farm and a similar practice was could not be maintained without burning crop residues. used at Hyslop Research Farm. Weeds were controlled by An increased understanding of why seed yield potential fall and winter applications of labeled herbicides as needed.
in creeping red fescue is reduced when field residue is Thirty-three to 44 kg ha Ϫ1 N and K, respectively, and 44 to not burned is needed to develop mechanical stubble-61 kg P ha Ϫ1 were applied in the fall following stubble treatmanagement alternatives. ments of each production year. A second application of 100
Removal of all stubble by open burning in Kentucky to 112 kg N ha Ϫ1 was applied during March each year. The experimental design was a randomized complete block with bluegrass (Poa pratensis L.) increased fertile tiller numthree replicates at both locations. Treatments were fixed efber, large-tiller (Ͼ2-mm basal diam.) number, and seed fects of burning and three stubble heights imposed after haryield and reduced rhizome production compared with vest: ground level (GL), 2.5 cm, and 5.0 cm. Treatments were clipped stubble . Removal of assigned within blocks at random with the exception of the stubble to 2.5 cm after straw was baled from the field burn treatment. The burn treatment was established directly reduced fall tiller height and increased fertile tiller numadjacent to the mechanical treatments at each location because of the difficulty in burning within the mechanical treatment and the potential effects of fire on the mechanical residue-Taylor farm during 1996 and 1997 in the second and third
Root and Rhizome Dry Weight
seed production years for that field and at Hyslop Research Soil cores were taken from each experimental unit in March Farm during 1996 and 1997 in the first and second seed produceach year using a standard golf-course cup cutter (10.2 cm tion years. All samples were taken from locations within plots diam.) with a core volume of 294.5 cm 3
. Soil was washed determined by random drop of a 15-cm 2 quadrant. Sample from each sample, roots and rhizomes separated by hand, and sites within plots were not revisited, and the quadrant moved samples dried for 36 h at 60ЊC. Dry weights were determined sufficient distance during subsequent sampling to prevent and rhizome/root weight ratios calculated. overlap.
Fertile Tillers Stubble Height Treatments
A second sod sample was taken from each experimental Stubble removal treatments were applied to the experimenunit in the spring immediately after anthesis. Vegetative and tal units at each location immediately after seed harvest. The fertile tillers were separated based on the presence or absence GL stubble heights were imposed using a gasoline-powered of emerged inflorescences. These two groups of tillers were brush cutter with a rotating metal, three-edged blade to recounted, and the percentage of fertile tillers was calculated. move all vegetative material to the crown. A sickle-bar mower Samples were dried for 36 h at 60ЊC, and total vegetative with a 1-m cutting edge was used for the 2.5-and 5.0-cm dry weights were determined for each treatment. Based on stubble heights above the crown. The crown is defined as a research by Chastain and Grabe (1988) , Fairey and Lefkovitch region of compressed nodes and internodes just below the (1996), and Young et al. (1998) , the percentage of fertile tillers soil surface from which axillary tillers arise (Turgeon, 1999) .
is a reliable estimator of yield potential in creeping red fescue, Residue was removed from experimental units with a hand and thus was used in this study. rake following the stubble-cutting treatment. Postharvest residue and stubble was burned from the surface of each burn
Experimental Analysis
treatment plot for each of three replications at each location at the same time as the mechanical treatments.
Analysis of variance was used to determine if significant differences existed among treatments, and linear regression
Plant Reserves for Regrowth
was used to investigate relationships between data as outlined by SAS (SAS Inst., 1990) . Mean separations were conducted Plant reserves were estimated from grams of regrowth dry using Fisher's protected least significant difference (LSD; matter using techniques described by Burton et al. (1962) and P ϭ 0.05). Burton (1995) . This method provides general quantification of reserves and requires no chemical analysis. placed in a cooler at 0 to 5ЊC until tiller data could be collected tive dry weight after drying for 36 h at 60ЊC were determined when followed by the same letter. § GL, ground level.
on each sample. ( Table 4) . lated tissue produced from these isolated crowns (data
Fertile Tillers not shown).
The Shademaster first-and second-year stands and
Fall Regrowth and Development
the Hector second-year stand produced a lower percentage of fertile tillers under stubble that was 2.5 cm or Fall tiller regrowth of all three cultivars was shorter taller (Table 5) . Fertile tiller production in the secondwhen stubble was mechanically removed to GL than year stand of Seabreeze was not different for any of the when removed to 2.5 or 5.0 cm, with the exception of stubble treatments (Table 5) . Shademaster during the second production year (TaRegrowth height of fall tillers following stubble height ble 2). Stubble height treatments did not consistently treatments showed a consistent negative relationship affect the mean developmental stage of regrowth in this with the percentage of fertile tiller production the folstudy (Table 2) .
lowing spring (Fig. 1) . As tillers originating in the fall Fall tiller number was variable across stubble height became more elongated, they were less likely to be treatments, with the exception of Hector, for which no induced to flower the following spring. Tillers originatdifferences were detected in each production year (Table 3) . Burned plots produced a greater percentage There were no significant differences among treatments weight (Table 4) . Rhizome dry weight was reduced in † The 1996 and 1997 production years for Shademaster and Seabreeze the burn and GL stubble treatments compared with 2.5- (Table 4) . When stubble remained above GL, rhizome when followed by the same letter. § GL, ground level.
weights were not different than when stubble was re- tucky bluegrass, and this is likely the case here as well.
when followed by the same letter. § GL, ground level.
Remobilization from stubble as well as the inherent genetic differences in rhizome production of each cultivar tested may account for changes in available dry ing in the spring did not receive the vernalization rematter reserves found in this study. quirements of creeping red fescue (Meijer, 1984; Heide, The presence of stubble after harvest generally caused 1994), and therefore did not contribute to fertile tiller tillers to be more elongated but did not affect the develnumber.
opmental stage of tillers during the fall regrowth period (Table 2) . Chilcote et al. (1974) reported that fall tiller
DISCUSSION
regrowth of creeping red fescue was shorter when straw and stubble were removed by burning. Similar results Determination of energy available for regrowth using have been reported in Kentucky bluegrass (Hickey and techniques described by Burton et al. (1962) and Burton Ensign, 1983; Ensign et al., 1983) . The regrowth height (1995) showed that regrowth was affected by the presof fall tillers has been shown to be negatively correlated ence of stubble in the field after seed harvest (Table 1) , with flowering and yield potential in Kentucky bluegrass but the effect may also include a genetic predisposition (Chastain et al., 1997) . The cause of differences in the to rhizome production in each cultivar. For instance, regrowth height of fall tillers was not demonstrated in Seabreeze exhibits a genetic predisposition to produce our study. few rhizomes (Rose-Fricker et al., 1999) , and the reduc-
The burn treatment resulted in a greater percentage tion in stubble height below 5.0 cm greatly reduced of large tillers (Ͼ2.0 mm) than the mechanical stubbleetiolated regrowth, suggesting that energy resources removal treatments in the second-year crop of Shadewere remobilized from stubble tissue to the crown bemaster and Seabreeze (Table 3 ). The ability of tillers fore complete senescence. This is possible because the to be induced to flower has been associated with a miniseed crop is swathed for harvest while the culm is green mum basal diameter of 2.0 mm in Kentucky bluegrass and stubble remains photosynthetic through harvest and (Canode and Law, 1979; Chastain et al., 1997 ), but we did not find a similar relationship in creeping red fescue (data not shown). Although burning removes all available aboveground reserves from the plant, it is likely that complete removal by mechanical means sufficiently disturbed or damaged axillary meristems such that tillers were delayed in development, as evidenced by a tendency to be shorter under this treatment. This reduction in development was also observed in a general trend towards a greater percentage of large tillers in the burn treatment, particularly as each stand aged. Mechanical stubble removal, especially below 2.5 cm, tended to reduce the root dry weight to a greater extent than the burn treatment (Table 4) , which was similar to that reported by Chilcote et al. (1980) . Significant loss of root mass might be detrimental to plant survival, but neither the burn treatment nor the mechanical stub- compared with stubble height of 2.5 cm or greater in Quebbeman, G.A. Gingrich, M.E. Melbye, and G.H. Cook. 1995. all but one cultivar-year ( Whole-farm simulation models provide an alternative great effort and expense to collect enough samples to method to estimate economic consequences. The comaccurately represent a pasture, and farmers are not willputer simulation model DAFOSYM (Dairy Forage Sysing to make this effort in day-to-day management of tem Model) is a whole-farm model where crop producpastures. Researchers commonly use double-sampling tion, feed use, return of manure nutrients back to the techniques to increase the precision of pasture sampling, land, production costs, income, and net return or profit and thus reduce labor and dollar expense (Frame, 1993) .
of representative farms are simulated over many years During the past 70 yr, many methods have been evaluof weather (Rotz et al., 1989; Rotz et al., 1999) . Growth ated from simple rulers to sophisticated electronic meand development of alfalfa (Medicago sativa L.), grass, ters (Lucas and Thomson, 1994) . Some methods have corn (Zea mays L.), and other crops are predicted on been adapted for commercial use, including the eleca daily time step from soil and weather conditions. Functions from the GRASIM (Grazing Simulation Model) 
